Total knee arthroplasty (TKA) is one of the most successful and effective surgical procedures in modern orthopedic history. It can relieve pain and symptoms, restore joint function, increase range of motion, and improve quality of life among patients with end-stage knee arthropathy.[@B1][@B2] However, periprosthetic joint infection (PJI) is a common catastrophic complication of TKA.[@B3] It is consequently one of the common causes of revision arthroplasty[@B4] and the leading cause of morbidity after TKA, with the mortality rate ranging from 2.7% to 18%.[@B5] The estimated incidence of PJI after TKA is between 1% and 2%.[@B5][@B6] Although the incidence itself is low, the number of patients with this complication seems to be increasing exponentially owing to the dramatic growth of the volume of TKAs.[@B7]

Proper preoperative skin preparation and draping, suitable antibiotic prophylaxis, shortened operative time, and sterility of surgical equipment are essential to decrease the incidence of PJI.[@B5][@B8][@B9] Despite implementation of these preventive strategies, PJIs have been reported, and the source of bacteria that cause PJI has not been clearly identified. Many studies have suggested contamination of the so-called sterile surgical equipment as a possible source:[@B10][@B11][@B12][@B13][@B14] 10% of suture needles, 14.5% of light handles, 17% of surgical gowns, and 28.7% of surgical gloves were found contaminated during joint arthroplasty procedures.[@B10] In particular, suction tips are the most frequently contaminated surgical instrument with the contamination rate ranging from 13.33% to 80%.[@B12][@B15][@B16] Hence, it has been recommended that some surgical equipment such as gloves and suction tips should be appropriately replaced during surgery.[@B17]

The electrocautery device has become a fundamental surgical instrument commonly used for dissecting subcutaneous tissue, muscle, and fascia and controlling bleeding in surgery. The reported bacterial contamination rate of electrocautery device ranges from 5.6% to 14.7%.[@B18][@B19][@B20] By contrast, contamination of burnt necrotic tissue (BNT), collateral residual debris produced in the electrocoagulation process or diathermy, is not known. We hypothesized that the BNT may possibly be a reservoir of bacteria and consequently cause PJI if left in the operative field. In this study, we aimed to investigate (1) the contamination rate of BNT in the surgical field of TKA, (2) association between contamination of BNT and the incidence of PJI after TKA, and (3) different characteristics between patients with contaminated and non-contaminated BNT and between patients with PJI and without PJI.

METHODS
=======

We conducted a retrospective cohort analysis of data from 225 consecutive patients who underwent unilateral primary TKA at our institution. Five patients with a history of prior knee infection, one patient with recent bacteremia (within 1 year), and 22 patients with previous knee surgery were excluded. Fourteen patients were additionally excluded owing to inadequate data, considering the purpose of the current study. Consequently, 183 patents (35 men and 148 women) with primary TKA were enrolled in this study ([Table 1](#T1){ref-type="table"}). The study was approved by the Institutional Review Board of Naresuan University Hospital (IRB No. 595/60), and written informed consent was obtained from all patients.

All surgical procedures were performed with a similar surgical technique through a standard medial parapatellar approach with conventional instruments in a laminar air flow operating room. Prophylactic antibiotics were administered to every patient: 1 g of intravenous cefazolin at 30 minutes prior to the operation, and then 1 g of the same antibiotic every 8 hours for 48 hours (clindamycin was considered if patient had a history of adverse reaction to penicillin). The skin was prepared by using a combination of betadine solution and alcohol-based antiseptic according to the International Consensus Meeting (ICM) 2013.[@B21][@B22] All patients underwent spinal anesthesia with single-shot femoral nerve block. A tourniquet was applied at 300 mmHg to achieve a bloodless surgical field. Monopolar electrocautery (Excell NHP 400/D, Alsa Medica, Bologna, Italy) was used for soft-tissue dissection and coagulation. An identical postoperative protocol including patient-controlled analgesia with morphine, drain and catheter management, and rehabilitation was used for all patients.

Depending on the surgeon\'s preference, multiple BNT specimens (3--5) were randomly collected during the operation in the surgical field. After collection, these specimens were placed in a sterile container and immediately sent to the microbiology department. Each specimen was cultured by inoculation at 35℃ onto blood agar plate (Biomedia, Nonthaburi, Thailand), MacConkey agar plate (Biomedia), and Thioglycollate broth (Oxoid, Hampshire, UK) for 24 to 72 hours, and then visually observed for presence or absence of growth. Ten sterile electrocautery tips were cultured as a control group.

The outcome parameters consisting of demographic data, American Society of Anesthesiologists (ASA) physical status classification, operative time, and collecting time were routinely evaluated. Collecting time was defined as the duration from the start of using the electrocautery device to the first collection of a BNT specimen. All patients were followed up for a minimum of 2 postoperative years according to ICM 2013.

Statistical Analysis
--------------------

Descriptive statistics such as mean and standard deviation were used as appropriate to report the outcomes. The unpaired *t*-test was used to compare the difference in characteristics between the contaminated (culture-positive) BNT group and the non-contaminated (culture-negative) BNT group and also between PJI group and non-PJI group, with statistical significance defined as *p* \< 0.05. The SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for all analysis. Based on the 10% estimated contamination rate of electrocautery tips in patients with primary joint arthroplasty[@B20] and the 4.3% minimum rate of electrocautery contamination in TKA patients,[@B20] a post-hoc power analysis revealed that the sample size of this study has 81.7% power to detect a difference between PJI and non-PJI group with an alpha of 0.05.

RESULTS
=======

BNT culture was positive (contamination) in 4.4% (eight of 183 patients). The most common organism in culture-positive specimens was coagulase-negative *Staphylococcus* (five of eight patients, 62.5%). *Pseudomonas* species (spp.), *Corynebacterium* spp., and *Acinetobacter baumannii* were the solely isolated organisms in the remaining three positive cultures (12.5%). None of the sterile electrocautery tips was culture positive. While none of the patients with contaminated BNT showed signs of PJI at the last follow-up, four of the patients with non-contaminated BNT (4/179 patients, 2.2%) developed PJI during the 2 postoperative years. The causative organism was *Staphylococcus aureus* in one patient and *Streptococcus epidermidis* in another patient, but we could not identify any organisms from fluid and tissue of the other two patients. The PJI was diagnosed early in all patients and successfully treated with debridement and a prosthesis-retaining protocol.

On comparison of the contaminated and non-contaminated BNT groups, there were no statistically significant differences in age, body mass index, and ASA classification. The contaminated BNT group had longer operative and collecting time than the non-contaminated BNT group, but the difference was not statistically significant ([Table 2](#T2){ref-type="table"}). There was also no difference in age, body mass index, ASA classification, and operative time between PJI and non-PJI groups ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Sterility of surgical equipment is essential to prevent postoperative infection in contemporary orthopedic practice. Nevertheless, contamination of such regularly used "sterile equipment" has been reported in several studies.[@B10][@B11][@B12][@B13][@B23] In the current study, we found that 4.4% of BNT from the surgical field can be contaminated, most commonly by coagulase-negative *Staphylococcus* (62.5%). The BNT, a residual product of the electrocoagulation process, is a non-viable tissue that lacks protective mechanism, and thus can be an ideal reservoir for microorganisms. Indeed, an infection might occur when the host immune response is affected by these contaminating microorganisms. The association between contamination of sterilized equipment and deep surgical site infection has been demonstrated in orthopedic and ophthalmic operations.[@B23] In addition, use of electrocoagulation could cause an increase in proinflammatory cytokines, which was well recognized at 48 hours after surgery in previous studies,[@B24][@B25] and the elevation of inflammation level may consequently lead to another infection. Our findings show that it is impossible to ensure an absolute microorganism-free environment/equipment during primary TKA; however, the contaminated BNT from the clean primary TKA field was not associated with the surgical site infection.

Although there has been no previous study on the contamination of BNT, it might be related to electrocoagulation. Shahi et al.[@B18] assessed a series of 50 cultures from electrocautery tips after total hip arthroplasty. They reported a 6% positive culture rate, but none of the patients developed PJI. The estimated blood loss and electrocautery tip exposure time did not show a significant difference between the contaminated and non-contaminated groups in their study. Abdulkarim et al.[@B19] also reported a 5.6% contamination rate of the diathermy tips after orthopedic surgery. Recently, Abdelaziz et al.[@B20] demonstrated a 10% contamination rate of electrocautery tips in primary total hip and knee arthroplasty, and the incidence was up to 30% in septic revision. As in our study, *Staphylococcus epidermidis*, a member of coagulase-negative *Staphylococcus* groups, was the most commonly isolated organism in their study. Furthermore, 80% of contaminated electrocautery tips had the same causative microorganism in single-stage exchange caused by PJI. They also found an insignificant relationship between the duration of use or exposure time and the contamination rate of the electrocautery tip.

Heat is generally used to decontaminate or sterilize surgical equipment to minimize the risk of infection caused by microorganisms. However, regardless of the sterilization technique, temperature and duration are regarded as the most important factors in the sterilization process. The standard steam sterilization technique guided by the Center of Disease Control requires 30 minutes of exposure at 121℃ in a gravity displacement sterilizer or 4 minutes of exposure at 132℃ in a prevacuum sterilizer.[@B24] Although the cautery tip can be as hot as 200℃ in some settings, the continuous heating/exposure time is scarcely less than 30 minutes and the heat from cautery tips may be reduced while being transferred to BNT. Therefore, subsequent sterility of the electrocautery device with self-producing heat may not be guaranteed.[@B25][@B26]

There were some limitations of our study. First, this study is a retrospective cohort study with the limitation inherent to the study design. However, our 2-year follow-up evaluation might provide useful clinical relevance by showing no association between bacterial contamination of BNT and the development of PJI. Second, our findings may only be pertinent to the primary TKA setting. In revision surgery, the contamination rate of electrocautery tips is higher, particularly in septic revision.[@B20] Hence, residual product, or BNT, may also be at greater risk of contamination. Additionally, extensive electrocoagulation that aims to control bleeding surface during TKA or other procedures such as spinal surgery may increase the amount of BNT and level of inflammation.[@B27][@B28] Then, an investigation on the contamination of BNT and its association with PJI in these circumstances may yield different results, and thus further research might be warranted. Last, BNT in the present study might have been contaminated by other surgical instruments because normal tissue and electrocautery tips from the surgical field had not been taken for culture. In conclusion, BNT in the surgical field can become a reservoir of contaminating bacteria in primary TKA. However, the contamination of BNT was not directly associated with PJI. Therefore, routine removal of all BNTs or change to a new electrocautery tip may be unnecessary in primary TKA.

We thank Kwankaew Wongchareon, PhD (Faculty of Nursing, Naresuan University, Phitsanulok, Thailand) and Krit Pongpirul, PhD (Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand) for data analysis, Pariphat Chompoonutprapa, MD (Faculty of Medicine, Naresuan University, Phitsanulok, Thailand), Thanawat Tantimethanon, MD (Faculty of Medicine, Naresuan University, Phitsanulok, Thailand), and Watcharapong Eiamjumras, MD (Faculty of Medicine, Naresuan University, Phitsanulok,Thailand) for data collection, and Richard M. Glover (Faculty of Humanity, Naresuan University, Phitsanulok, Thailand) for proofreading.

**CONFLICT OF INTEREST:** No potential conflict of interest relevant to this article was reported.

###### Demographic Data of All Included Patients

![](cios-12-43-i001)

  Variable                                            Outcome
  --------------------------------------------------- --------------
  Age (yr)                                            63.9 ± 8.6
  Sex (male : female)                                 35 : 148
  Body mass index (kg/m^2^)                           27.2 ± 4.0
  Side (right : left)                                 88 : 95
  ASA physical status classification (I : II : III)   44 : 132 : 7
  Operative time (min)                                80.2 ± 19.1
  Collecting time (min)                               30.5 ± 19.0

Values are presented as mean ± standard deviation.

ASA: American Society of Anesthesiologists.

###### Comparison of Demographic and Perioperative Data between Contaminated and Non-contaminated Groups

![](cios-12-43-i002)

  Variable                                            Contaminated   Non-contaminated   *p*-value
  --------------------------------------------------- -------------- ------------------ -----------
  Age (yr)                                            65.1 ± 10.0    63.8 ± 8.6         0.68
  Sex (male : female)                                 2 : 6          33 : 142           NA
  Body mass index (kg/m^2^)                           27.3 ± 2.9     27.2 ± 4.1         0.94
  Side (right : left)                                 4 : 4          84 : 91            NA
  ASA physical status classification (I : II : III)   3 : 5 : 0      41 : 127 : 7       0.31
  Operative time (min)                                103.1 ± 44.2   79.0 ± 16.7        0.17
  Collecting time (min)                               48.0 ± 44.3    29.7 ± 17.0        0.28

Values are presented as mean ± standard deviation.

NA: not available, ASA: American Society of Anesthesiologists.

###### Comparison of Demographic and Perioperative Data between PJI and Non-PJI Groups

![](cios-12-43-i003)

  Variable                                            PJI          Non-PJI       *p*-value
  --------------------------------------------------- ------------ ------------- -----------
  Age (yr)                                            67.5 ± 8.7   63.8 ± 8.6    0.46
  Sex (male : female)                                 0 : 4        35 : 144      NA
  Body mass index (kg/m^2^)                           29.8 ± 7.4   27.1 ± 4.0    0.51
  Side (right : left)                                 3 : 1        85 : 94       NA
  ASA physical status classification (I : II : III)   1: 3 : 0     43: 129 : 7   0.86
  Operative time (min)                                73.8 ± 8.4   80.2 ± 19.3   0.23

Values are presented as mean ± standard deviation.

PJI: periprosthetic joint infection, NA: not available, ASA: American Society of Anesthesiologists.
